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(54) MOTOR OUTPUT UMITER FOR ELECTRIC CAR 

(57)Abstract: 

PURPOSE: To effectively utilize output between a continuous rating and a 
maximum rating by precisely recognizing the operating time limit due to the 
temperature rise of a motor drive circuit. 

CONSTITUTION: When a torque command apparatus 7 divides the output 
condition (output torque value) of a motor 1 into a plurality of stages, and 
judges that in which condition it is, considering the heat generation of a 
motor drive circuit 2, an operating time in the same stage is counted by a 
timer 1 3. Besides, a time ratio to be obtained by dividing the operating time 
of the motor 1 in each stage by an operable time is counted. And overheat 
of the motor drive circuit 2 is prevented by memorizing the time ratio in 
each stage in the middle of running, against a real running condition where 
a driving condition changes, and limiting the torque of the motor 1 when an 
accumulated time ratio being the accumulation of each time ratio reaches 
T. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Motor load limitation equipment of an electric vehicle characterized by providing the following. An output 
state distinction means to distinguish in any of two or more phases classified based on the temperature rise property of a 
drive circuit of driving said drive motor an output state of a drive motor is a time check which clocks operation time of 
said drive motor in each phase distinguished with said output state distinction means — a means said time check — a load 
limitation means to restrict an output of said drive motor when a parameter concerning time amount which accumulated 
operation time for every phase clocked with a means reaches the set point 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the motor load limitation equipment of the electric vehicle which 

restricts the output of a drive motor in consideration of the temperature rise property of a drive circuit. 

[0002] 

[Description of the Prior Art] Generally, the short time rating (maximum torque and duration) of the motor of an electric 
vehicle is dependent on the temperature rise property of a motorised circuit. That is, if the output torque of said motor 
becomes large, the time amount which pyrexia of the power element of a motorised circuit becomes large gradually, and 
reaches the critical temperature will be shortened, and a maximum rating point will be most set up as short-time usable 
torque. 

[0003] For this reason, as indicated by the former, for example, JP,62-217805,A When the motor current which 
prepared two steps of setting reference current level to the current which flows on a motor, and was detected by the 
current sensor exceeds the 1st setting reference current level When the current which flows on a motor is reduced and 
the 2nd larger setting reference current level than the 1st setting reference current level is exceeded, the technology 
which intercepts motor current, and the technology of detecting the abnormalities in temperature of the power element 
of a motorised circuit, and restricting motor current are proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, it sets to the actual run state by which various kinds of run states 
are repeated. If a motorised circuit generates heat by operation in a certain field except the field in which continuous 
running is possible It is difficult to prevent overheating of a motorised circuit [ in / only at the time amount in other 
fields which can be operated also decreasing, and only performing current limiting, when the abnormalities in 
temperature of the power element of the case where motor current exceeds comparison level, or a motorised circuit are 
detected / subsequent operation ]. 

[0005] therefore, overheating by maximum current — preventing a current-limiting value - low — not setting up - it 
does not obtain but there is a problem that the maximum torque of a motor cannot be used effectively as a result. 
Moreover, even if it used the maximum torque, it was a problem how a time limit is set up. 

[0006] This invention was made in view of said situation, grasps correctly the operation-time limit by the temperature 
rise of a motorised circuit, and aims at offering the motor load limitation equipment of the electric vehicle which can use 
a motor output effectively also between the maximum rating from continuous rating. 
[0007] 

[Means for Solving the Problem] An output state distinction means to distinguish in any of two or more phases 
classified based on the temperature rise property of a drive circuit of driving said drive motor this invention has the 
output state of a drive motor, a time check which clocks operation time of said drive motor in each phase distinguished 
with said output state distinction means - a means and said time check, when a parameter concerning time amount 
which accumulated operation time for every phase clocked with a means reaches the set point It has a load limitation 
means to restrict an output of said drive motor. 
[0008] 

[Function] In this invention, the operational status of a drive motor distinguishes in any of two or more phases classified 
based on the temperature rise property of a drive circuit of driving a drive motor it is, and clocks the operation time of 
the drive motor in each phase. And when the parameter concerning the time amount which accumulated the operation 
time for every clocked phase reaches the set point, the output of a drive motor is restricted and overheating of a drive 
circuit is prevented. 
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[0009] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. Explanatory drawing in 
which drawin g 1 - drawing 4 start the 1st example of this invention, dra win g 1 shows the circuit block diagram of a 
motor control system, and draw ing 2 shows a torque limitation property, explanatory drawing in which draw in g 3 shows 
the example of the time rating for every output torque, and drawing 4 are the flow charts of motor load limitation 
processing. 

[0010] In dra wing 1 , a sign 1 is a drive motor carried in an electric vehicle, and the motorised circuit 2 which consists 
of an inverter which changes into the RF of predetermined voltage the direct current voltage from the Maine battery 15 
which is a main power supply for a transit drive is connected to this motor 1 . 

[001 1] The current controller 3 which controls motorised current is connected to said motorised circuit 2. While the 
current sensor 4 of the electromagnetic guidance infixed in connection Rhine between said motors 1 and said motorised 
circuits 2 is connected to this current controller 3 While the current command value generator 5 which generates a 
current command value is connected and the rotation sensor 6 attached in said motor 1 is further connected to this 
current command value generator 5, the torque command machine 7 which orders it aim torque value is connected to 
said current command value generator 5. 

[0012] said torque command machine 7 consists of CPU 10, ROM1 1, RAM 12, a timer 13, and a microcomputer to 
which the I/O interface 14 was connected through the bus, it is formed successively by the accelerator pedal which is 
not and the temperature sensor 9 which detects the abnormalities in temperature of the power element in drawing 
example the accelerator sensor 8 which outputs the signal which carried out proportionally [ abbreviation ] and said 
motorised circuit 2 is connected to the amount of accelerator pedal treading in through said I/O interface 14. 
[0013] And according to the output from said accelerator sensor 8, aim torque value calculates with said torque 
command vessel 7, and if the signal which orders it this aim torque value is outputted to said current command value 
generator 5, by said current command value generator 5, the current command value for generating aim torque value 
will be outputted to said current controller 3 in consideration of the motor rotational frequency from said rotation sensor 
6. 

[0014] In said current controller 3, the motorised current detected by said current sensor 4 is compared with the current 
command value from said current command value generator 5, and feedback control is carried out so that it may become 
the current value which the voltage and frequency of said motorised circuit (inverter) 2 are changed, and generates aim 
torque. 

[0015] In this case, the operation time of said motor 1 in assignment torque is mainly controlled by the temperature 
characteristic of said motorised circuit 2, and it needs to restrict the current value and time amount which are energized 
on said motor 1 so that pyrexia of the power element in said motorised circuit 2 may become below an allowed value. 
[0016] That is, if the output torque of said motor 1 is enlarged in the torque characteristic of said motor 1 by which most 
fields serve as abbreviation fixed torque to a motor rotational frequency as shown in drawing 2 , it becomes small 
because of pyrexia of permissible operation time of the power element in said motorised circuit 2, and an output-torque 
value can be gradually classified from short time rating (maximum torque rating) to continuous rating to permissible 
operation time. 

[0017] therefore ~ said torque command machine 7 - an output state distinction means and a time check the function 
as a means and a load limitation means is demonstrated, and overheating of said motorised circuit 2 is prevented. That 
is, if it distinguishes whether it has classified into the phase where the output state (output-torque value) of said motor 1 
is shown in drawing 3 , in consideration of pyrexia of said motorised circuit 2, and is in the phase of a gap, the operation 
time in the same phase will be clocked with a timer 13, and the rate of time amount which **(ed) operation time of said 
motor 1 in each phase by the time amount which can be operated will be counted further. 

[001 8] When a value is set to " 1 ", it is a reason for meaning that the operation allowed time in each phase had passed, 
but said rate of time amount memorizes the rate of time amount of each phase in the middle of transit to the actual run 
state from which operational status changes, and when the rate of accumulation time amount which accumulated each 
rate of time amount amounts to "1", it performs torque limitation of said motor 1 . 

[0019] The motor load limitation processing hereafter performed according to the flow chart of drawing 4 by CPU 10 of 
said torque command machine 7 which consists of a microcomputer is explained. In addition, the relation between the 
output torque of said motor 1 and the time amount which can be operated shall be classified into the value shown in 
drawing 3 here. 

[0020] When torque value Ti of the motor 1 calculated at step SI according to the output from the accelerator sensor 8 
is read, first, at steps S2-S8 If there is a step distinguished when it distinguished whether it was beyond the setting 
torque value (22, 20, 18, 16, 14, 13, 12) of each phase, consequently torque value Ti was over the set point in each 
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phase, this torque value Ti will branch from the corresponding step, and will count the rate tT of time amount. 
[0021] Namely, count rate tT=t 22/0.5 of time amount to which it branched to step S9 and the output-torque value ** 
(ed) operation time t22 in the phase of 22 or more kgf-m in step S2 by the time amount 0.5 (minute) which can be 
operated when it was Ti>22, and it sets to step S3. Ti> If it is 20, it will branch to step SI 0 and rate tT-t 20/0.8 of time 
amount to which the output-torque value **(ed) operation time t20 of the phase of 20 or more kgf-m by the time amount 
0.8 (minute) which can be operated will be counted. Similarly moreover, at each steps SI 1, SI 2, SI 3, SI, and SI 5 When 
U8/1.25, U6/2.0, tl4/5.0, tl3/12.5, and each rate of time amount of tl2/60 are counted and it stores in RAMI 2, 
respectively, at step S16 Rate of accumulation time amount sigmatT which accumulated the rate of time amount in each 
phase is calculated, and similarly, it stores in RAM 12 and progresses to step S21. 

[0022] On the other hand, at steps S2-S8, when torque value Ti is not over the set point in each phase, it progresses to 
step SI 7 from step S8, the count of a timer 13 is started, and it investigates whether enumerated data tL exceeded the 
setup time (for example, 5 minutes) at step SI 8. And when enumerated data tL are not over the setup time, torque value 
Ti of a motor 1 distinguishes whether it is below the set point TL of a value smaller than continuous rating torque (12 
kgf-m) at step SI 9. 

[0023] Consequently, when torque value Ti of a motor 1 is below the set point TL, the processing which returned to said 
step SI 7, continued the count of a timer 13, returned to the first step SI when torque value Ti of a motor 1 was larger 
than the set point TL, and was explained above is repeated again. 

[0024] Subsequently, in said step SI 8, if enumerated data tL exceed the setup time, the reset signal for clearing rate of 
accumulation time amount sigmatT which branches to step S20 and is stored in RAM 12 will be outputted, and the 
existence of this reset signal will be investigated in step S21. 

[0025] In said step S21, it investigates again whether when return and a reset signal are nothing, rate of accumulation 
time amount sigmatT is over "1" at step S23 to said step SI by resetting rate of accumulation time amount sigmatT at 
step S22, when a reset signal is **. 

[0026] And since pyrexia of the motorised circuit 2 is approaching tolerance when rate of accumulation time amount 
sigmatT is over " 1 when it progresses to step S24 from said step S23, output-torque T of a motor 1 is restricted to 
below the above-mentioned set point TL, it escapes from a program and rate of accumulation time amount sigmatT is 
not over " 1 it returns to said step S 1 , and the count of the rate tT of time amount in each phase is continued. 
[0027] While being able to foreknow the critical state of the motorised circuit 2 more correctly, being able to prevent 
destruction by overheating of a power element beforehand by this and being able to improve reliability, the capacity of a 
motor 1 can be demonstrated to the maximum extent, and performance-traverse ability can be improved. 
[0028] Drawin g 5 starts the 2nd example of this invention, and is the circuit block diagram of a motor control system. 
[0029] that into which this example classifies each phase where the 1st above-mentioned example computes the rate tT 
of time amount, with the output-torque value of a motor 1 - it is - it receives and each phase which computes the rate 
tT of time amount with the current value of a motor 1 is classified. 

[0030] That is, as shown in drawing 5 , while inputting the output of a current sensor 4 into the current controller 3, it 
inputs into the microcomputer kana ** torque command machine 7 through the I/O interface 14, and other 
configurations are the same as that of the 1st above-mentioned example at this example. 

[003 1] As opposed to motor load limitation processing of drawing 4 [ in / in the motor load limitation processing in this 
example / the 1 st example ] What is necessary is just to only transpose the torque value of a motor 1 to the programmed- 
current value corresponding to a current value for the setting torque value of each phase. While similarly being able to 
foreknow the critical state of the motorised circuit 2 more correctly, being able to prevent destruction by overheating of 
a power element beforehand and being able to improve reliability, the capacity of a motor 1 can be demonstrated to the 
maximum extent, and performance-traverse ability can be improved. 
[0032] 

[Effect of the Invention] As explained above, according to this invention, the operational status of a drive motor 
distinguishes in any of two or more phases classified based on the temperature rise property of a drive circuit of driving 
a drive motor it is. When the parameter concerning the time amount which clocked the operation time of the drive motor 
in each phase, and accumulated the operation time for every phase reaches the set point, in order to restrict the output of 
a drive motor, While being able to grasp correctly the operation-time limit by the temperature rise of a motorised circuit, 
being able to use a motor output effectively also between the maximum rating from continuous rating, preventing 
overheating of a motorised circuit beforehand and improving reliability The capacity of a drive motor is demonstrated to 
the maximum extent, and the effect which was [ improve / performance-traverse ability ] excellent is acquired. 
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DRAWINGS 



[ Drawin g 1] 




[Drawin g 2] 
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